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RECIPROCATING PISTON WITH VARIABLE 
COMPRESSION HEIGHT FOR INTERNAL 

COMBUSTION ENGINES 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The invention concerns a reciprocating piston with 
variable compression height for internal combustion 
engines in particular. 
A reciprocating piston of the generic type is known 

from German Patent Speci?cation No. 38 07 244. 
An object of the invention is to improve the recipro 

cating piston of the generic type in such a way that a 
structural simpli?cation of the temperature-dependent 
change in the compression height of the reciprocating 
piston is achieved. 
The object is achieved according to the invention by 

utilizing a shape memory alloy spring for effecting tem 
perature dependent changes in the compression height 
of the reciprocating piston. 
The element operating as a function of temperature is 

formed by a spring which consists of a shape memory 
alloy and which interacts directly with the pressure 
limiting valve. Shape memory alloys which can be used 
to form the spring are known and available. This per 
mits temperature-dependent change in the compression 
height of the reciprocating piston exclusively by the 
pressure limiting valve so that a structural simpli?cation 
is achieved. 

In an embodiment of the invention which is particu 
larly advantageous in terms of structural simpli?cation 
and with respect to assembly, the spring is located in a 
valve housing of the pressure limiting valve and in such 
a way that with increasing engine temperature, the 
preloading force on the valve body of the closing 
spring, also located in the valve housing, decreases. 

Other objects, advantages and novel features of the 
present invention will become apparent from the fol 
lowing detailed description of the invention when con 
sidered in conjunction with the accompanying draw 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows, in longitudinal section, a reciprocating 
piston of variable compression height with a pressure 
limiting valve in an oil hole emerging into the crank 
case, constructed according to a preferred embodiment 
of the invention; 
FIG. 2 shows, in an enlarged sectional view, a pres 

sure limiting valve for the FIG. 1 arrangement with two 
closing springs in series and with a spring operating as a 
function of temperature and supported on a washer 
between the two closing springs, constructed according 
to a preferred embodiment of the invention; 
FIG. 3 shows, in an enlarged sectional view, an em 

bodiment of the pressure limiting valve for FIG. 1 with 
joint, oppositely acting support, on the valve body, of 
the closing spring and the spring operating as a function 
of temperature; and 
FIGS. 40 and 4b show, in enlarged sectional views, 

an embodiment of a pressure limiting valve for the FIG. 
1 arrangement with a plate spring in series with the 
closing spring as the spring element operating as a func 
tion of temperature. 
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DETAILED DESCRIPTION OF THE 
DRAWINGS 

A reciprocating piston 1 in FIG. 1 is composed of an 
inner piston part 2 which is hinged on a connecting rod 
(not shown in any more detail) and an outer piston part 
3. The outer piston part 3 is guided on the inner piston 
part 2 so that it can be displaced axially. An upper sec 
tion 4 of the inner piston part 2 consists of a valve car 
rier plate 5, in which are located two nonreturn valves 
6, 7 and a throttle valve 8. 
The top of the valve carrier plate 5 forms an end 

surface 9 of the inner piston part 2. The end surface 9 
faces towards an internal end 10 of the outer piston part 
3. The surfaces of the end 10 and an internal hole wall 
11 of the outer piston part 3, together with the end 
surface 9, form the boundaries of a control chamber 12 
to which are connected, in the inner piston part 2, a ?rst 
oil hole 13 for oil supply and a second oil hole 14 for oil 
removal. The second oil hole 14 emerging from the 
control chamber 12 has an outlet opening 16 to the 
surrounding crank case in a shank 15, not shown in any 
more detail. In the course of the second oil hole 14 
within the shank 15 which opens towards the crank 
case, there is arranged a pressure limiting valve 17 
which contains a spring-loaded valve body 18. The 
pressure limiting valve 17 can, within the scope of the 
invention, be inserted from outside into the second oil 
hole 14 through the outlet opening 16, the valve insert 
having an oil drain opening 19 to the crankcase in the 
region of the outlet opening 16. 
FIG. 2 shows a section 20 of the shank 15 of the 

reciprocating piston I in which is located the pressure 
limiting valve 17. The pressure limiting valve 17 has a 
valve housing 21 formed by the shank 15 or a separate 
valve insert. A closing spring 22 which is composed of 
two spring sections 23, 24 in series is supported in the 
valve housing 21. The spring sections 23, 24 are sepa 
rated by a washer 25. A ?rst spring section 23 is sup 
ported on the valve body 26 designed in disc shape. 
Spring section 23 is also supported on a side 27 of the 
washer 25 which faces towards the valve body 26. A 
second spring section 24 is supported on a side 28 of the 
washer 25 remote from the valve body 26 and on an end 
29 of the valve housing 21 facing towards the side 28, of 
the valve housing 21. The valve body 26 and the ?rst 
spring section 23 are coaxially surrounded by a helical 
spring 30, operating as a function of temperature, which 
is supported on the valve housing 21, on the one hand, 
and on the side 27 of the washer 25, on the other, so as 
to act in opposition to the second spring section 24. 
When the engine is cold, the helical spring 30 has a 

small spring force so that the closing force of the clos 
ing spring 22 acting on the valve body 26 is high and, in 
consequence, a high opening pressure is set at the pres 
sure limiting valve 17. When the engine is warm, the 
stiffness of the helical spring 30 increases as a function 
of temperature. This relieves the ?rst spring section 23 
of load so that the opening pressure at the pressure 
limiting valve 17 decreases. 
As a departure from FIG. 2, the closing spring 22 is 

designed in one piece in FIG. 3 and is supported on the 
end 29 of the valve housing 21 and on the valve body 
26. The helical spring 30 is supported so as to act against 
the closing spring 22 on the valve body 26, on the one 
hand, and on the valve housing 21, on the other. 
When the engine is cold, the helical spring 30 has a 

low spring stiffness so that a major part of the preload 
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ing force of the closing spring 22 acts, via the valve 
body 26, on the valve seat so that there is a high opening 
pressure at the pressure limiting valve 17. When the 
engine is warm, the helical spring 30 expands and its 
spring stiffness increases. The spring force of the helical 
spring 30 acts against the preloading force of the closing 
spring 22 so that load is removed from the valve body 
26 and, in consequence, the opening pressure at the 
pressure limiting valve 17 decreases. 
The embodiments of FIG. 4a and FIG. 4b include a 

pressure limiting valve 17 with a plate spring 31 operat 
ing as a function of temperature and manufactured from 
an alloy with shape memory properties. The plate 
spring 31 is in series with the closing spring 22. The 
closing spring 22 supported at one end on the valve 
body is supported at its opposite end via a support ring 
32 on the protruding inner edge 33 of the plate spring 31 
whose outer edge is in contact with a wall of the valve 
housing 21. 
When the engine is cold (FIG. 4a), the plate spring 31 

has a small spring preload. The plate spring 31 is prede 
ilected towards the valve body 26 so that the closing 
spring 22 is compressed and exerts an increased pressure 
on the valve body 26 so that a higher opening pressure 
is built up at the pressure limiting valve 17. When the 
engine is warm (FIG. 4b), the plate spring 31 has a high 
spring preload and is therefore deflected away from the 
valve body 26. The closing spring 22 is lengthened as a 
consequence of this de?ection whereupon the pressure 
on the valve body 26 decreases and, in consequence, the 
opening pressure at the pressure limiting valve 17 be 
comes smaller. 
Although the invention has been described and illus 

trated in detail, it is to be clearly understood that the 
same is by way of illustration and example, and is not to 
be taken by way of limitation. The spirit and scope of 
the present invention are to be limited only by the terms 
of the appended claims. 
What is claimed: 
1. Reciprocating piston arrangement with variable 

compression height, for internal combustion engines in 
particular, comprising: 

a connecting rod, ' 
an inner piston part hinged on the connecting rod, 
an outer piston part guided on the inner piston part so 

that it can be displaced axially,, 
a control chamber located between a surface of the 

inner piston part and a surface of the outer piston 
part facing towards a piston end, to which control 
chamber are connected a ?rst oil hole in the inner 
piston part for oil supply and a second oil hole for 
removal of oil from the control chamber to an 
engine crank case, 
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4 
a pressure limiting valve in the second oil hole which 

opens in the direction of the crank case and which 
has a valve body loaded by a closing spring, and 

a temperature responsive element provided within 
the extent of the second oil hole which permits a 
higher oil pressure in the control chamber when 
the engine is cold than when it is warm and which 
operates as a function of temperature, 

wherein the temperature response element is formed 
by a spring consisting of a shape memory alloy, 
which spring interacts with the pressure limiting 
valve. 

2. Reciprocating piston arrangement according to 
claim 1, wherein the spring is located in a valve housing 
of the pressure limiting valve, and wherein the spring 
has a temperature response force relationship with the 
closing spring such that the preloading force of the 
closing spring on the valve body decreases with increas 
ing engine temperature. 

3. Reciprocating piston arrangement according to 
claim 2, wherein the temperature responsive spring is 
supported on the valve housing and on the valve body 
so as to act against the closing spring. 

4. Reciprocating piston arrangement according to 
claim 1, wherein the closing spring is subdivided by a 
washer into ?rst and second spring sections, wherein 
the temperature responsive spring coaxially surrounds 
the first spring section clamped between the valve body 
and washer and is supported on the washer and the 
valve housing. 

5. Reciprocating piston arrangement according to 
claim 1, wherein the temperature responsive spring is a 
plate spring. 

6. Reciprocating piston arrangement according to 
claim 5, wherein the closing spring is in series with the 
plate spring, the plate spring being supported on the 
closing spring, on the one hand, and on one of a valve 
housing and a valve body of the pressure limiting valve 
on the other hand. . 

7. Reciprocating piston arrangement according to 
claim 3, wherein the closing spring is subdivided by a 
washer into ?rst and second spring sections, wherein 
the temperature responsive spring coaxially surrounds 
the ?rst spring section clamped between the valve body 
and washer and is supported on the washer and the 
valve housing. 

8. Reciprocating piston arrangement according to 
claim 7, wherein the temperature responsive spring is a 
plate spring. 

9. Reciprocating piston arrangement according to 
claim 8, wherein the closing spring is in series with the 
plate spring, the plate spring being supported on the 
closing spring, on the one hand, and on one of a valve 
housing and a valve body of the pressure limiting valve 
on the other hand. 
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